A root rot disease is the most important factor limiting commercial production of vanilla [Vanilla fragrans (Salisb.) Ames] in Puerto Rico. According to a survey of growers in 1945 (1), the disease was responsible for 40% to 50%o death of vines. In 1927 the causal organism was identified as Fusarium batatatis var. vanilae, Tucker (5). The disease usually becomes more pronounced during the third or fourth year when the first heavy crop of beans is developing. Dry weather, and possibly some mineral deficiency, appear to aggravate the disease, particularly if mulch and shade are inadequate.
Materials and methods
The experiment was initiated in March, 1945 in a lime-coated greenhouse admitting about 50%o sunlight. The vanilla plants were grown in 5-gallon, glazed-stone crocks containing thoroughly washed and sifted pea-size creek gravel ( fig. 1 ). Two plants in each crock were established from 6-node cuttings of about equal vigor and girth. Each crock was equipped with a 1-inch hole at the bottom for drainage. Nutrient solutions were forced into the crocks once daily by a system of iron pipes, rubber and glass tubing, and a compressed-air electric pump, similar to the system described by KIPLINGER and LAURIE (3) . The vanilla plants were trained on a bamboo lattice. Cured bamboo is hard and relatively inert, making it difficult for the vanilla to obtain nutrients through the attached aerial roots.
The full nutrient and deficiency solutions of nitrogen, phosphorus, and potassium were prepared according to HOAGLAND and ARNON (2) and renewed once every 2 weeks. Each treatment consisted of three replicates with two plants per replicate. Solution in the bottles was brought to the initial level once a day by additions of distilled water. The pH of all solutions was maintained at 6.0 by additions of weak solutions of either sulfuric acid or sodium hydroxide twice a week.
On May 6, 1946 the experiment was terminated and growth measurements, fresh and dry weight of the plants, and mineral composition of the leaves were determined. Figure 2 shows the relative girth and leaf area of the nitrogen-deficient plants.
Symptoms of nitrogen deficiency were the first to develop, appearing within about 3 weeks after the treatment was initiated. The leaves remained small and developed a yellowish green color. Although shoot growth was greatly retarded the plants as a whole showed no death of tissues. The root system, although light yellow in color and relatively sparse, appeared healthy ( fig. 3) . Most of the large roots in the gravel consisted mainly of aerial roots from the original cutting which developed on the surface of the gravel adjacent to the walls of the stone crocks.
Nitrogen deficiency symptoms differ from so-called sunburn injury in case of sunburn only those leaves exposed to the direct rays of the sun show different degrees of yellowing.
PHOSPHORUS DEFICIENCY
In amount of growth, plants deficient in phosphorus were only slightly better than those deficient in nitrogen. Symptoms of phosphorus deficiency became evident about 3 months after the treatment was started. First indications of low phosphorus were a reduction in growth and a fading of green in the leaves. The leaves eventually assumed an ash-green color, with some yellow appearing before they became necrotic at the margins and tips, as shown in figure 3a . Many of these leaves shriveled, turned light brown, dried, and remained on the plant until the end of the experiment. Aerial cut symptoms. Also, as indicated in figure 2 , the intensity of green was greatest in leaves of potassium-deficient plants. There 
PLANT PHYSIOLOGY
Under soil conditions in Puerto Rico, particularly with the clay types, there has been no published evidence of potassium deficiency in plants.
Small leaves and stem girth and very dark green leaves have been observed with plants growing under excessive shade in the field and in the greenhouse. It was assumed, however, that these characteristics were a result of excessive shade, although this point should be checked further.
Low CALCIUM
Another treatment in this experiment included a set of plants receiving a solution deficient in calcium. It is evident from table I that the overall growth of these plants was as good as those receiving full nutrient solution. It was ascertained after the experiment had been in progress for several months that this was apparently due to a few limestone pebbles in the creek gravel, although no trace of calcium could be found in the nutrient solution after it had been pumped to the gravel for a period of 2 weeks. This was probably due to the fact that many previous fertilizer applications had been made to the soil from which this mulch was obtained.
Since vanilla apparently can obtain the necessary elements from mulch alone, the above data further emphasize the soundness of the standard recommendation in Puerto Rico to apply and maintain a heavy mulch around the vanilla roots.
MINERAL COMPOSITION OF VANILLA LEAVES
The data in table II show that the ash and potassium content of nitrogendeficient plants was higher than that of plants in other treatments. Since nitrogen deficiency had such a retarding effect on growth and production of dry matter, it is not surprising to find high levels of minerals in these plants. It leaves was less than one-third that in the full nutrient plants (0.58%c), the vines were still alive.
The interesting feature of the mineral composition of the low-phosphorus plant was the fact that the nitrogen and calcium contents were also relatively low. Apparently phosphorus is required for the normal absorption, and, possibly the utilization, of nitrogen and calcium by the vanilla plant. Phosphorus in the phosphorus-deficient plant was about one-half that in the full nutrient plant.
Potassium deficiency resulted in abnormally high calcium, nitrogen, and magnesium content. Lack of potassium in the nutrient medium apparently favors the absorption of these elements. Although the percentage of potassium in the leaves was only about one-fifth (0.79%O) that of the full nutrient plant, the effect of potassium deficiency on dry weight was relatively small as compared with the effect of nitrogen and phosphorus deficiencies on dry weight (table I). The amount of phosphorus in the potassium-deficient plants was about normal (table II) .i -E PLIANT PHYSIOLOGY Calcium deficiency was somewhat similar to that of phosphorus in its effect on the nitrogen and potassium content of the leaves. In both phosphorus-and calcium-deficient plants the nitrogen content was relatively low while the potassium content was about normal. Magnesium was somewhat high and phosphorus about normal in calcium-deficient plants.
Although the calcium content of calcium-deficient plants was low, it apparently was not below the critical level.
In general the levels of minerals in leaves (table II) from the plants growing in the three types of mulch (table III) were as high and in most cases higher than those in plants supplied with a complete nutrient solution. Although distilled water was supplied to the mulch medium, it is evident that sufficient mineral elements were leached from the mulches to supply 2. A deficiency of phosphorus resulted in poor growth and dying of the roots and tops of vanilla. The symptoms resembled closely those frequently seen in the field on plants dying of the so-called "root rot" disease.
3. Nitrogen and potassium deficiency resulted in poor growth of the tops and roots but there was little or no death of tissues under the conditions of this experiment. 4 . Good root and top development was obtained with plants growing only in mulch that was irrigated with distilled water. This indicates that vanilla can obtain the necessary minerals from mulch alone, and that the standard recommendation of heavy mulching in vanilleries is sound.
